ABSTRACT. An easy and efficient route for the synthesis of some imidazo [1,2-c] 
INTRODUCTION
Pyrazolopyrimidine and related heterocyles are found to possess wide applications in the field of medicine and agriculture. They are biologically active isomeric purine analogues and have useful properties as antimetabolites in purine biochemical reactions.
1-3 They exhibit diversified pharmacological activities like tuberculostatic 4 antimicrobial activities, 5 neuroleptic, 6 CNS depressant, 7 antihypertensive 8 and antileishmanial. 9 Moreover, the pyrazole ring has shown to be the basic moiety for a number of dyes, drugs and agrochemicals. [10] [11] [12] [13] [14] Prompted by the varied biological activities of these heterocycles and as a part of our program aimed at developing new selective and environmentally friendly methodologies for the preparation of heterocyclic compounds, [15] [16] [17] we conducted the presented research to evaluate the potential of their antimicrobial activity. Herein, we found that 5-amino-1-(4-phenylphthalazin-1-yl)-1H-pyrazole-4-carbonitrile (1) is a highly versatile and useful building block for the synthesis of a wide range of pyrazolopyrimidine derivatives.
EXPERIMENTAL
Melting points were uncorrected. IR spectra in KBr were recorded on a Perkin-Elmer 298 spectrophotometer.
1

H and
13 C NMR spectra were obtained on a Varian Gemini 200 MHz instrument using TMS as internal reference with chemical shifts expressed as δ ppm. Mass spectra were recorded on a Shimadzu GCMS-QP 1000 instrument (70 eV EI mode).
5-Amino-1-(4-phenylphthalazin-1-yl)-1H-pyrazole-4-carbonitrile (1)
A mixture of 1-hydrazinyl-4-phenylphthalazine (2.4 g, 6 mmol) and ethoxymethylenemalononitrile (0.64 g, 6 mmol) in absolute ethanol (40 mL) was heated at 80 o C for 4 h in a water bath. The reaction mixture was cooled, poured into ice-cold water and the precipitated product was filtered off and recrystallized from ethanol to give 1. 
To a mixture of 1 (1.6 g, 5 mmol) and ethylenediamine (4 mL) in absolute ethanol (15 mL), carbon disulfide (1 mL) was added dropwise. The reaction mixture was heated in a water bath for 10 h. After cooling, the reaction mixture was poured into ice-cold water and the solid precipitate was filtered off, washed with water and recrystallized from ethanol to give 2. 
A concentrated solution of HCl (6 ml) was added to a solution of 2 (0.7g, 2 mmol) in acetic acid (6 ml). The mixture was cooled to 0-5 o C and sodium nitrite (1 g) was added gradually with stirring. The reaction mixture was left to stand in an ice bath for 2 h, then diluted with water, filtered off, washed with water and recrystallized from DMF to give 8. 
A mixture of 1 (3.1 g, 10 mmol), triethyl orthoformate (5 mL) and acetic anhydride (20 mL) was heated under reflux for 5 h. The solvent was removed under reduced pressure. The residue obtained was recrystallized from benzene to give 9.Yield, 67%; m.p. 217-219 
A mixture of 9 (3.7 g, 10 mmol) and hydrazine hydrate (2 mL) in ethanol (30 mL) was stirred for 1 h, at room temperature. The precipitate which formed was filtered off, washed with water and recrystallized from dioxane to give 10. General procedure for the preparation of 11a,b A mixture of 10 (0.7 g, 2 mmol) and aromatic aldehydes viz benzaldehyde and p-chlorobenzaldehyde (2 mmol) in absolute ethanol (25 mL) was heated under reflux for 5 h. The precipitate formed was filtered off, washed with water and recrystallized from ethanol to give 11a,b. Method a: A mixture of 10 (0.7 g, 2 mmol) and ethyl chloroacetate (2 mmol) in ethanolic sodium ethoxide solution [prepared from sodium metal (46 mg) and absolute ethanol (20 ml) was heated under reflux for 6 h. The reaction mixture was cooled, poured onto ice (25 g). The formed precipitate was filtered off and recrystallized from dioxane to give 16. Yield, 63%.
Method b: A mixture of 10 (0.7 g, 2 mmol) and chloroacetyl chloride (2 mmol) in dry dioxane (25 mL) was allowed to stand overnight at room temperature. The formed precipitate was filtered off and recrystallized from dioxane to give 16 To a solution of 10 (0.7g, 2 mmol) in dry benzene (25 mL), oxalyl chloride (3 mL) was added and the reaction mixture was heated under reflux for 10 h. On cooling the formed solid product was filtered off and recrystallized from DMF to give 17. 
RESULTS AND DISCUSSION
The condensation of 1-hydrazinyl-4-phenylphthalazine with ethoxymethylene-malononitrile in absolute ethanol afforded the target compound, 5-amino-1-(4-phenylphthalazin-1-yl)-1H-pyrazole-4-carbonitrile (1), Scheme 1.
The IR spectrum of 1 showed absorption bands in the regions 3410, 3200 and 2215 cm -1 for amino and nitrile groups. The 1 H NMR spectrum of 1 showed signals at δ 6.40 ppm for amino group and aromatic multiplet in the region at δ 7.11-8.15 ppm. In addition, their mass spectrum revealed the corresponding molecular ion peak for the molecular formula C 18 H 12 N 6 . The reaction of 1 with ethylenediamine in the presence of a catalytic amount of carbon disulfide furnished 4-(4,5-dihydro-1H-imidazol-2-yl)-1-(4-phenylphthalazin-1-yl)-1H-pyrazol-5-amine (2). The structure of 2 was deduced from their elemental analyses and spectral data. Its IR spectrum showed multiple absorption bands in the region 3430-3160 cm -1 due to NH 2 and NH groups and devoid any absorption band due to nitrile group.
Poly-functionalized heterocyclic compounds play important role in the drug industry and represent 68% of the drugs on the market.
18 Therefore; it is not surprising that synthesis of poly-functionalized heterocyclic compounds has received significant attention. In that direction, we carried out the reaction of 2 with carbon disulfide in dry pyridine to afford the imidazo[1,2-c]-pyrazolo [4,3-e] pyrimidine derivative 3. Alternative approaches for other imidazopyrazolopyrimidine derivatives 5,6 can be achieved through the reaction of 2 with triethyl orthoformate and/or benzaldehyde, respectively. When the pyrazole derivative 2 was treated with sodium nitrite in acetic acid, it yielded one isolable product which was analyzed correctly for C 20 H 14 N 8 . The structure of the isolated product was assigned as 7- (4- . In further exploratory studies, we observed that the condensation of 1 with triethyl orthoformate in refluxing acetic anhydride yielded formimidate derivative 9, which underwent further cyclization upon treatment with hydrazine hydrate at room temperature affording 4-imino-1-(4-phenylphthalazin-1-yl)-1H-pyrazolo [3,4-d] pyrimidin-5(4H)-amine (10). The structure of 10 was established on the basis of IR spectrum which showed the absence of any absorption band for nitrile group, Scheme 2. The reactivity of compound 10 towards some carbon electrophiles was also investigated. Thus, when compound 10 was treated with aromatic aldehydes viz benzaldehyde Scheme 1. i) H2N(CH2)2NH2, CS2; ii) CS2; iii) HC(OEt)3; iv) PhCHO; v) NaNO2/HCl, AcOH. As an extension of this synthetic route, the behavior of compound 10 for construction of polyfunctionally substituted bioactive triazine derivatives 19, 20 was investigated. Thus, the interaction of compound 10 with ethyl chloroacetate in ethanolic sodium ethoxide solution afforded pyrimidotriazine derivative 16. Compound 16 was alternatively obtained by an independent synthesis via treatment of compound 10 with chloroacetyl chloride in dry dioxane. Similarly, when compound 10 was subjected to react with an equimolar amount of chloroacetyl chloride in dry benzene, it furnished pyrimidotriazin-2,3-dione derivative 17, Scheme 3. The structures of the synthesized compounds were assigned on the basis of elemental analysis and spectral data. (cf. experimental).
ANTIMICROBIAL ACTIVITY
The antimicrobial activities of some synthesized compounds were determined in vitro using the hole plate and filter paper methods 21 against Gram-positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Escherichia coli) in addition to some fungal plant pathogen (Aspergillus flavus and Candida albicans). Also, a comparison between the activity of our synthesized compounds and standard drugs (Tetracycline, Amphotericin B) was carried out. The tested compounds were dissolved in dimethyl sulfoxide (DMSO) to obtain 1 mg/mL solution. DMSO alone showed no inhibition zone. The inhibition zones of microbial growth produced by different compounds were measured in millimeters at the end of an incubation period of 48 h at 28 o C. As can be seen from Table 1 , good to improved antibacterial and antifungal activity was observed for most of the tested compounds against the selected micro-organisms used in the study.
In conclusion, we have been able to describe convenient protocols for the preparation of a number of annulated Scheme 3. i) CS2; ii) ClCH2CO2Et or ClCOCH2Cl; iii) ClCOCOCl. 
